The effects of intravenous saline in early saltdepletion shock in dogs have been described in previous reports (1, 2) . Cardiac output and blood pressure recovered considerably or completely from their depressed levels, plasma volume rapidly reexpanded, and protein which had disappeared earlier returned to the circulating plasma. Intravenous glucose solutions were much less effective in correcting the depression in hemodynamic status and in restoring the deficit of circulating plasma protein. Since a deficit of plasma protein was an almost invariable accompaniment of acute salt-depletion shock, experiments were undertaken to determine whether the administration of serum or gelatin would produce a hemodynamic effect greater than that of saline alone.
MATERIALS AND METHODS
Adult fasting female dogs were used throughout. *The methods by which salt depletion was induced and by which cardiac output, blood pressure, circulation time, relative plasma volume, and change in circulating plasma protein were measured have been described (1) . In 3 experiments essentially salt-free gelatin or serum was administered. 8 In 4 experiments therapy consisted of the injection of 130 to 300 ml. of serum or gelatin solution containing 0.9 per cent sodium chloride. This procedure replaced only 11 to 36 per cent of the salt deficit. In 2 experiments serum or gelatin was immediately followed by the administration of 5.0 per cent sodium chloride solution, and in 1 experiment by 0.9 per cent sodium chloride solution, in amounts sufficient to replace the entire salt deficit. 1 The authors are indebted to Dr. Samuel Harvey and Dr. John Lockwood for the use of the Laboratories of the Department of Surgery. 2 Aided by a grant from the Fluid Research Fund, Yale University School of Medicine. 8 Fresh pooled dog serum was dialyzed against 5 per cent glucose solution to lower the concentration of sodium chloride (Experiment 81B). The gelatin employed was Knox P20 prepared to contain either 0.12 per cent (Experiment 55L) or 0.9 per cent sodium chloride (Experiments 55M, 55N) and was obtained from the Knox Gelatin Company through the courtesy of Mr. D. Tourtellotte. In Experiment 55K, however, the low-salt gelatin was prepared in the same way as the low-salt serum.
The effects of 0.9 per cent saline solution in amounts equivalent to those present in experiments with undialyzed serum or gelatin were studied in 3 animals. The results obtained following the complete replacement of the salt losses with either 0.9 per cent or 5 per cent saline solutions alone are included in Figure 1 . These have been taken from published data (2) .
Data from control experiments reported elsewhere in which treatment was withheld for 2 to 3 hours are available in Figure 1 for purposes of comparison (2) .
RESULTS
Administration of small amounts of 0.9 per cent saline solution or of low-salt serum or gelatin failed after 2 hours to improve the cardiovascular dynamics, or to restore the plasma volume and circulating plasma protein beyond the degree which was observed sporadically in animals without any treatment whatsoever (Figure 1 . Columns 1, 2, 3).
Infusion of similar amounts of either serum or gelatin containing a normal complement of salt, on the other hand, produced an essentially complete restoration of plasma volume and circulatory efficiency together with an increase of the circulating plasma protein considerably beyond the initial values ( Figure 1 , Column 4). It is significant that the amount of salt administered equalled only 11 to 36 per cent of the amount initially withdrawn.
The degree of recovery observed following the administration of small amounts of serum or gelatin containing salt could be reproduced by the infusion of 5 per cent or 0.9 per cent saline solutions in amounts equivalent to or greater than the initial salt deficits (Figure 1 , Columns 5, 6).
Treatment with serum or gelatin together with complete restoration of the salt deficit produced no greater improvement in the circulatory statics and dynamics than that observed following colloid solutions with incomplete replacement of the previously withdrawn sodium chloride ( Figure 1 
FIG. 1. EFFECrS OF TREATMENT OF SALT-DEPLETION SHOCK WITH SOLUTIONS OF SALINE AND OF COLLOID
Salt depletion was induced between the first and second points (O and 3 to 5 hours). Immediately after the second point an infusion of one of the solutions indicated at the top of the chart was administered. In some experiments in which c*rdiac output was not determined before infusion of the salt solution, a broken line is drawn from the mean value previously reported in normal dogs (1) . Data in columns 1, 5, and 6 are included from the preceding paper (2) for purposes of comparison.
DISCUSSION
Recent reviewers of the whole problem of shock, while recognizing that diminution of the plasma volume is but one factor in the chain of events involved in shock, have emphasized that it is a constant and important part of the chain (3 to 5). Although there is disagreement as to whether the loss of plasma protein is due to a generalized increase in capillary permeability (6) , or to local capillary damage, nearly all students of the problem attribute the decrease in plasma volume to loss of plasma proteins. Experimental demonstration that the loss of plasma is commensurate with the accumulation of fluid containing plasma protein in the traumatized tissues rests upon the work of a number of investigators (7 to 9). Upon this premise have been based the major methods of treatment of traumatic, hemorrhagic, and burn shock involving the use of transfusions of whole blood, and infusions of plasma, and plasma fractions. Although it is known that mere restoration of blood volume may be completely ineffectual in the late stages of shock (10) , much experimental and clinical evidence supports its efficacy in the earlier phases. Experimental studies indicating the superiority of collodial solutions, especially plasma, , in restoring plasma volume in traumatic shock go back to 1932 (11). Since then many other investigators have shown the same results in hemorrhagic, traumatic, and burn shock in animals, and in human subjects (12 to 17). The effectiveness of collodial solutions under these circumstances of plasma protein loss can hardly be doubted.
Recently the role of electrolytes, principally sodium, in the etiology and treatment of traumatic shock has been emphasized. It was found that plasma was as effective by mouth as it was by vein in the treatment of an early stage of shock induced in mice by thermal burns or by the release of a previously ligated limb (18, 19) . These experiments were interpreted to indicate that the effect of plasma is mainly that of the saline which it contains. This theory was applied clinically in the treatment of burn shock by the oral administration of large volumes of isotonic sodium lactate (20) . The patients so treated exhibited a large positive sodium balance during the first few days. Recent tissue analyses of mice subjected to burns and injected with radioactive sodium indicate that sodium was pooled in burned areas (21) . These experiments support earlier work demonstrating that the fall of sodium in scalded cats could be prevented if the blood vessels to the injured area were occluded (22) . On the basis of these studies it has been suggested (20) that the diminished plasma volume in burn and traumatic shock is due to a systemic sodium depletion, analogous to that produced experimentally by loss of electrolytes into the peritoneal cavity (23) , rather than to a loss of circulating plasma protein.
One other finding has been cited to support the efficacy of saline infusions alone in traumatic shock; namely that in shock produced in dogs by ligation of a limb, the plasma volume could be maintained by the infusion of very large amounts of isotonic saline despite very low concentrations of plasma protein (24) . These results were interpreted, however, as showing, not that a systemic sodium depletion was corrected, but that the loss of the colloid osmotic pressure of the plasma protein was counterbalanced by an increase in the hydrostatic pressure of the interstitial fluid.
Our own experiments may help resolve these differences in interpretation. They fully confirm the great therapeutic efficacy of salt restoration in early shock due to salt depletion. On the other hand, they demonstrate that solutions containing colloid can exert a beneficial effect in shock which cannot be ascribed solely to their salt content. Infusion of small amounts of colloid solution, containing only a fraction of the sodium chloride initially removed, produced a beneficial therapeutic effect indistinguishable from that which followed the complete replacement of the salt deficit with saline solution. This indicates clearly that the administration of colloid renders unnecessary the complete replacement of the salt deficit to bring the animal out of shock. Since this effect could not be obtained by giving the animal the equivalent of the salt present in the colloid, a definite role for cQlloid in the treatment of salt depletion shock is established. A synergism is mailifested when salt and colloid are given together. This interpretation is further supported by the experiments in which small amounts of either low salt colloid or small amounts of physiological saline solution failed to produce the improvement which followed the injection of colloid containing 0.9 per cent sodium chloride.
Hence, even though it may be possible to demonstrate in certain types of shock the undeniable capacity of saline to restore complete circulatory efficiency, administration of colloid as well will provide a margin of safety. From the point of view of optimal therapy it is advisable to give both. The failure to show any additive effect of saline and colloid when the salt deficit is replaced completely does not invalidate this conclusion. Obviously, when either form of treatment alone produces complete or almost complete restitution of cardiovascular function, further recovery, and hense demonstration of an additive effect, are physiologically impossible. Since beneficial effects of colloid solutions beyond those due to their salt content have been observed in a form of shock in which the loss of circulating protein is limited, and may be entirely absent, the implications of our findings are even more pertinent in other types of shock in which the loss of protein is not only more extensive, but prolonged as well.
SUMMARY AND CONCLUSIONS 1. In early salt-depletion shock replacement of the salt deficits by either 0.9 per cent or 5 per cent saline was followed by restoration of the plasma volume, the circulating plasma protein, and the circulatory dynamics to normal limits.
2. An identical degree of recovery, however, was observed following administration of small amounts of either serum or gelatin containing only sufficient salt to replace 11 'to 36 per cent of the initial deficits.
3. Administration of small amounts of either low-salt colloid solutions, or of 0.9 per cent saline in amounts equivalent to only 17 to 43 per cent of the initial deficit, failed to improve the circulatory status beyond the degree observed to occur spontaneously in untreated animals.
4. Colloid-containing solutions can exert a beneficial effect on the circulation in salt-depletion shock clearly beyond that due to the sodium chloride which they contain.
5. Optimal therapy of all forms of shock should include not only the replacement of salt deficits present, but also the administration of colloidcontaining solutions. BIBLIOGRAPHY 
